atoms were deposited on a germanium field emission tip oriented <loo> direction. Surface diffusion coefficients of Ga on a Ge(100) plane were determined at 8=0. 3 in the temperature range of 470K-530K. Activation energy of diffusion was 0.6eV at the coverage.
Surface diffusion of atoms on semiconductor surfaces is one of the most fundamental process in heterostructure formation or epitaxial thin-film growth of microelectronic devices. Data on surface diffusion on semiconductor, however, are few except for the measurements by using RHEED ihtensity-oscillation method during molecular-beam-epitaxy processlX2). To make quantitative measurement of surface diffusion process on semiconductor, we have developed a digital autocorrelation method of counting-fluctuations of field-emitted electrons from semiconductor field emitters. The autocorrelation analysis of field-emission current-fluctuation (FECF method) devised by Gomers) has proved its usefulness for the study of surface diffusion of adsorbed atoms on metal surfaces4). It is not so easy to apply the FECF method to the study of surface diffusion process on semiconductors mainly because of high current density needed to make autocorrelation analysis with good signal-to-noise ratio. To avoid this difficulty, we have developed a new method of digital autocorrelation analysis based on pulsecounting of field-emitted electronss). Significant reduction of field emission intensity necessary for the analysis has been accomplished. Reduction of field emission intensity also diminishes the practical troubles on cathode surfaces such as ion bombardment by residual gases and contamination by electron stimulated desorption from a fluorescent screen. As for the field effect upon the surface diffusion on field emission tips, which was estimated to be not so important except for alkali metal atoms6). the reduction of the appliedfieldwillbealsofavorable.
Inthispaper,we report preliminarydataon the surface diffusion of Ga atoms on a Ge(100) plane measured by using the digital autocorrelation analysis. Surface diffusion coefficients and its activation energy were deduced from the measurements.
Experimental
In the measurement of digital autocorrelation analysis, the fluctuations of field where n(iT) is a number of electron pulses counted during i-th sampling period and N is the total number of samplings. Block diagram of the pulse counting system is shown in Fig.2 .
GTs(~) is proportional to the autocorrelation ,function of number fluctuations of adsorbed atoms in the probe regions) and it can be compared with the theoretical autocorrelation function by Gomers).
The characteristic correlation time TO is determined by the fitting of theoretical autocorrelation function to the measured GT~(T). and is related to the surface diffusion coefficient D and radius of the probed region ro as, Figure 3 shows a sectional view of the probe-hole FEM. Tips were made of 0.5 Qcm p-type germanium single crystals. Rectangular prisms (0.5~0.5~20 mm) were sharpened by electrolytic etching in 8 4 solution. A well-sharpened tip was installed in the FEM tube and atomically clean surfaces were obtained after repeated fieldevaporation and annealing. The temperature of the tip was raised by resistive-heating and was measured by using a pair of W/5%Re-W/26%Re thermocouple attached to the shank of the tip. The diameter of the probe-hole was 2mm. Gallium was evaporated from a miniaturized Knudsen cell made of tungsten. The Knudsen cell was supported on a LN2-cooled copper block and was moved into the position just below the tip when gallium was evaporated. Gallium atom beam was controlled by a sliding shutter. The distance between the tip and the cell was about 30mm. During the measurements, it was moved outside of the electrostatic shield. Ultimate pressure in the ultrahigh vacuum chamber was below 3x10-9Pa and the pressure increase during Ga deposition was 3x10-Spa.
3.Results and Discussion
Photographs of field emission patterns of <loo> oriented germanium tip are shown in Fig.4 . These were taken at an oblique angle through a viewing port. Figure 4a is a clean pattern after field-evaporation at room temperature. After field evaporation, the tip was annealed at 620K for 1 minute. After several cycles of the field evaporation and annealing, a four-fold pattern was appeared as shown in Fig.4b . A dark squared area in the center is a (100) plane and four trapezoidat areas on both sides of the (100) square are (31 l ) planes. After gallium was deposited on the clean tip and was annealed at 570K for 1 minute, then the field emission pattern changed to Fig.4c . The change of surface structure in the (100) area was induced by Ga deposition. The digital autocorrelation analysis of field-emitted electrons was made for the probed region shown in Fig.4~ . The coverage of Ga on a (100) plane was estimated from the local work function measured by the Fowler-Nordheim relation of the field emission from the probed region. When Ga atoms were deposited on the Ge field emission tip, fluctuations of the field emission intensity were observed at temperatures higher than room temperature. Figure  5 shows Gr,(-r) measured at Ga coverage 8 = 0.3 for temperatures ranging from 470K to 530K. The autocorrelation functions were well fitted to the theoretical curve as shown in Fig.5 . Correlation time TO were 35ms, 20m9, 12ms, and 6ms for temperatures of 470K, 490K, 510K, and 530K, respectively. The average number of electron-countings during the measurements was about 104 counts/s.
Total number of the sampling was 105.
Below 47 OK, fluctuations were too small to determine TO. Above 530K, discrepancies between the measured autocorrelation functions and the theory were observed. It may be due to the self-diffusion of substrate atoms. Assuming the radius of the probed area ro to be 2.5nm, surface diffusion coefficients D at 8-0.3 were calculated for these temperatures according to equation (2). Arrehenius plot of D is shown in Fig.6 .
The data points were in a straight line.
Activation energy of surface diffusion Ed and preexponential factor DO were 0.6eV and 1.8~10-8 cmz/s , respectively. So far as we know, there are no experimental data which can be compared with the present data. In case of Ga on Si(100) surface, there was some reports that adsorption energy was 2.2eW and activation energy of cluster-growth was 0.76eV8). The present value of Ed for Ga on Ge(100) is slightly smaller than that for Ga on Si(100) although there is no evidence about the assumption that ratedeterminant process of clustering is surface diffusion.
In conclusion, we have developed a digital autocorrelation analysis of field-emitted electrons. This method proved 'to be useful for the study of surface diffusion on semiconductor surfaces. The important feature of the present method is that surface diffusion coefficient can be measured at known coverage. 
